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ȺɇɈɌȺɐȱə Ɇɟɬɨɸ ɫɬɚɬɬɿ ɽ ɚɧɚɥɿɡ ɦɨɠɥɢɜɨɫɬɟɣ ɡɚɛɟɡɩɟɱɟɧɧɹ ɪɟɠɢɦɭ ɦ¶ɹɤɨʀ ɤɨɦɭɬɚɰɿʀ ɧɚ ɨɫɧɨɜɧɿɣ
ɱɚɫɬɨɬɿ  Ƚɰ ɜ ɨɞɧɨɮɚɡɧɨɦɭ ɪɟɡɨɧɚɧɫɧɨɦɭ ɩɟɪɟɬɜɨɪɸɜɚɱɿ ɡɮɚɡɨɜɢɦ ɫɩɨɫɨɛɨɦ ɤɟɪɭɜɚɧɧɹ ɡɚ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɮɿɡɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɡɚɡɧɚɱɟɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ Ɋɨɡɝɥɹɧɭɬɨ ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɢɣ ɪɟɡɨɧɚɧɫɧɢɣ
ɩɟɪɟɬɜɨɪɸɜɚɱ ɡ ɮɚɡɨɜɢɦ ɫɩɨɫɨɛɨɦ ɤɟɪɭɜɚɧɧɹ ɪɨɡɪɨɛɥɟɧɨ ɦɟɬɨɞɢɤɚ ɪɨɡɪɚɯɭɧɤɭ ɨɫɧɨɜɧɢɯ ɩɚɪɚɦɟɬɪɿɜ
ɩɟɪɟɬɜɨɪɸɜɚɱɚ ɚ ɬɚɤɨɠ ɩɨɛɭɞɨɜɚɧɨ ɚɥɝɨɪɢɬɦ ɪɨɛɨɬɢ ɦɿɤɪɨɩɪɨɰɟɫɨɪɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ Ⱦɥɹ
ɩɿɞɬɜɟɪɞɠɟɧɧɹ ɨɬɪɢɦɚɧɢɯɪɟɡɭɥɶɬɚɬɿɜɜɢɤɨɪɢɫɬɚɧɨ ɤɨɦɩ¶ɸɬɟɪɧɟɬɚɮɿɡɢɱɧɟɦɨɞɟɥɸɜɚɧɧɹɩɟɪɟɬɜɨɪɸɜɚɱɚ 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɤɨɦɩ¶ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɮɿɡɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɢɣ ɪɟɡɨɧɚɧɫɧɢɣ
ɩɟɪɟɬɜɨɪɸɜɚɱɮɚɡɨɜɢɣɫɩɨɫɿɛ ɤɟɪɭɜɚɧɧɹɜɟɤɬɨɪɧɚɞɿɚɝɪɚɦɚɚɥɝɨɪɢɬɦɦɿɤɪɨɩɪɨɰɟɫɨɪɧɚɫɢɫɬɟɦɚɤɟɪɭɜɚɧɧɹ 
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ABSTRACT The article is devoted to the development of energy-efficient converter for advanced power systems. The main goal is to 
analyze the possibilities of providing the soft switching mode at the fundamental frequency of 50 Hz in single-phase resonant 
converter with phase control method using physical modeling results of converter which was mentioned. The major attention is paid 
to principles of phase control of single-phase resonant converter, the development of a methodology of calculation of the main 
parameters of the converter, its structure and the control algorithm for the microprocessor-based control system, which provides a 
soft switching mode using the principles of phase control method. The algorithm of microprocessor control systems of single-phase 
resonant converter that implements phase control method is discussed. The vector diagrams that explained the principle of 
determining the angle control necessary for automatic voltage regulation system at load are presented. It is shown that developed 
phase control method allowed to create a method by which were obtained analytical expressions, based on which have been 
calculated main parameters of single-phase resonant converter with phase control method. Block diagram of the converter, main 
blocks description and the relationship between them are presented. The results of computer simulation and verification of their 
adequacy using a physical model of the converter were performed. The conclusions about the possibilities of providing the soft 
switching mode at the fundamental frequency of 50 Hz in converter with phase control method in various modes are suggested. These 
conclusions are supported by the experimental data. 
Keywords: computer modeling, physical modeling, semiconductor resonant converter, phase control method, vector diagram, 




Ȼɪɚɤ ɟɧɟɪɝɨɪɟɫɭɪɫɿɜ ɩɿɞɲɬɨɜɯɧɭɜ ɫɜɿɬɨɜɭ
ɧɚɭɤɨɜɭɫɩɿɥɶɧɨɬɭɧɟɬɿɥɶɤɢɞɨɩɨɲɭɤɭɧɨɜɢɯɞɠɟɪɟɥ
ɟɧɟɪɝɿʀ ɚɥɟ ɣ ɞɨ ɨɩɬɢɦɿɡɚɰɿʀ ʀʀ ɜɢɤɨɪɢɫɬɚɧɧɹ ɇɨɜɿ 
ɫɢɫɬɟɦɢ ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɯ ɦɟɪɟɠ (Smart Grid) 
ɞɨɡɜɨɥɹɸɬɶ ɧɟ ɬɿɥɶɤɢ ɛɿɥɶɲ ɟɮɟɤɬɢɜɧɨ ɪɨɡɩɨɞɿɥɹɬɢ
ɟɥɟɤɬɪɨɟɧɟɪɝɿɸ ɦɿɠ ɫɩɨɠɢɜɚɱɚɦɢ ɚɥɟ ɳɟ ɣ
ɩɿɞɤɥɸɱɚɬɢ ɞɨ ɦɟɪɟɠɿ ɝɟɧɟɪɚɬɨɪɢ ɜɿɞɧɨɜɥɸɜɚɧɨʀ
ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ Ɋɨɡɜɢɬɤɨɦ Smart Grid ɽ ɫɢɫɬɟɦɚ
FREEDM [1], ɹɤɚɦɚɽɜɫɜɨɽɦɭɫɤɥɚɞɿɥɿɧɿɸɩɨɫɬɿɣɧɨʀ
ɧɚɩɪɭɝɢ ȼ ɩɪɨɞɨɜɠ ɨɫɬɚɧɧɿɯ ɪɨɤɿɜ ɰɹ ɫɢɫɬɟɦɚ ɦɚɥɚ 
ɚɤɬɢɜɧɢɣ ɪɨɡɜɢɬɨɤ ɛɭɥɢ ɞɨɫɹɝɧɟɧɧɿ ɡɧɚɱɧɿ ɭɫɩɿɯɢ, 
ɩɪɨɬɟ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɿɫɬɶ ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ ɳɨ
ɡɚɛɟɡɩɟɱɭɸɬɶɪɨɛɨɬɭɫɢɫɬɟɦɢɽɧɟɞɨɫɬɚɬɧɶɨɜɢɫɨɤɨɸ
[1] ɿ ɡɚɥɢɲɚɽɬɶɫɹ ɜɿɞɤɪɢɬɢɦ ɩɢɬɚɧɧɹ ɩɨɥɿɩɲɟɧɧɹ ʀɯ
ɟɧɟɪɝɟɬɢɱɧɢɯɩɨɤɚɡɧɢɤɿɜ 
Ɇ¶ɹɤɚ ɤɨɦɭɬɚɰɿɹ ɞɨɡɜɨɥɹɽ ɫɭɬɬɽɜɨ ɡɦɟɧɲɢɬɢ
ɞɢɧɚɦɿɱɧɿ ɜɬɪɚɬɢ ɜ ɫɢɥɨɜɢɯ ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɢɯ
ɩɟɪɟɬɜɨɪɸɜɚɱɚɯ ɇɚ ɞɚɧɢɣ ɱɚɫ ɜɿɞɨɦɨ ɛɚɝɚɬɨ
ɪɟɡɨɧɚɧɫɧɢɯ ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ ɹɤɿ ɦɨɠɭɬɶ ɡɚɛɟɡɩɟɱɢɬɢ
ɦ¶ɹɤɭ ɤɨɦɭɬɚɰɿɸ ȼ >2@ ɩɪɢɜɨɞɢɬɶɫɹ ɤɥɚɫɢɮɿɤɚɰɿɹ
ɪɟɡɨɧɚɧɫɧɢɯ '&-$& ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ ɜ [3, 4] 
ɪɨɡɝɥɹɞɚɽɬɶɫɹ //& ɪɟɡɨɧɚɧɫɧɢɣ ɩɟɪɟɬɜɨɪɸɜɚɱ ɡ
ɦ¶ɹɤɨɸɤɨɦɭɬɚɰɿɽɸɚɜ>5@ɡɚɩɪɨɩɨɧɨɜɚɧɨɬɪɢɮɚɡɧɢɣ













ɬɚ ɦ¶ɹɤɨɸ ɤɨɦɭɬɚɰɿɽɸ Ɋɟɡɨɧɚɧɫɧɿ ɩɟɪɟɬɜɨɪɸɜɚɱɿ
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɬɚɤɨɠ ɿ ɜɩɟɪɫɩɟɤɬɢɜɧɢɯɫɢɫɬɟɦɚɯ
ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹ ɇɚɩɪɢɤɥɚɞ ɜ >6@ ɪɨɡɝɥɹɞɚɽɬɶɫɹ
//&ɪɟɡɨɧɚɧɫɧɢɣɩɟɪɟɬɜɨɪɸɜɚɱɡɦ¶ɹɤɨɸɤɨɦɭɬɚɰɿɽɸ
ɞɥɹ ɩɿɞɤɥɸɱɟɧɧɹ ɮɨɬɨ ɝɟɧɟɪɚɬɨɪɿɜ ɜ ɫɢɫɬɟɦɿ
FREEDM. ȼ ɪɨɡɝɥɹɧɭɬɢɯ ɪɨɛɨɬɚɯ ɜ ɨɫɧɨɜɿ ɫɢɫɬɟɦɢ
ɤɟɪɭɜɚɧɧɹ ɥɟɠɢɬɶ ɩɪɢɧɰɢɩ ɤɟɪɭɜɚɧɧɹ ɧɚ ɨɫɧɨɜɿ
ɲɢɪɨɬɧɨ-ɿɦɩɭɥɶɫɧɨʀɦɨɞɭɥɹɰɿʀɧɚɜɢɫɨɤɿɣɱɚɫɬɨɬɿ 
Ɋɨɡɝɥɹɧɭɬɚɜ [7@ɿɞɟɹɜɢɩɪɹɦɥɹɱɚɡɪɟɡɨɧɚɧɫɧɢɦ
ɩɨɫɥɿɞɨɜɧɢɦ ɮɿɥɶɬɪɨɦ ɳɨ ɩɪɚɰɸɽ ɧɚ ɱɚɫɬɨɬɚɯ
ɩɪɨɦɢɫɥɨɜɨʀ ɦɟɪɟɠɿ ɧɚɛɭɥɚ ɩɨɞɚɥɶɲɨɝɨ ɪɨɡɜɢɬɤɭ ɜ
[8, 9@ ɞɟ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɪɟɡɨɧɚɧɫɧɿ ɩɟɪɟɬɜɨɪɸɜɚɱɿ ɡ
ɮɚɡɨɜɢɦ ɫɩɨɫɨɛɨɦ ɤɟɪɭɜɚɧɧɹ ɚɧɚɥɿɡɭɸɬɶɫɹ ʀɯ 
ɫɬɚɬɢɱɧɿ ɿ ɞɢɧɚɦɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȼ ɰɢɯ ɪɨɛɨɬɚɯ
ɩɨɤɚɡɚɧɨ ɳɨ ɡ ɟɧɟɪɝɟɬɢɱɧɨʀ ɬɨɱɤɢ ɡɨɪɭ ɜ
ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɫɢɫɬɟɦɚɯ ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹ ɽ 
ɟɮɟɤɬɢɜɧɢɦ ɡɚɫɬɨɫɭɜɚɧɧɹ ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ ɡ ɦ
ɹɤɨɸ
ɤɨɦɭɬɚɰɿɽɸ ɹɤɚ ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɪɟɡɨɧɚɧɫɧɨɝɨɮɿɥɶɬɪɚɧɚɫɬɨɪɨɧɿɡɦɿɧɧɨɝɨɫɬɪɭɦɭɳɨ
ɞɨɡɜɨɥɢɬɶ ɡɧɢɡɢɬɢ ɩɨɬɭɠɧɿɫɬɶ ɜɬɪɚɬ ɜ ɞɢɧɚɦɿɱɧɨɦɭ
ɪɟɠɢɦɿ ɿ ɩɨɥɿɩɲɢɬɢ ɜɢɤɨɪɢɫɬɚɧɧɹ
ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɢɯ ɤɥɸɱɿɜ ɉɿɞɬɜɟɪɞɠɟɧɧɹ
ɪɟɡɭɥɶɬɚɬɿɜ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɜ [7 - 9] ɡɚ





Ɇɟɬɨɸ ɫɬɚɬɬɿ ɽ ɚɧɚɥɿɡ ɦɨɠɥɢɜɨɫɬɟɣ
ɡɚɛɟɡɩɟɱɟɧɧɹ ɪɟɠɢɦɭ ɦ¶ɹɤɨʀ ɤɨɦɭɬɚɰɿʀ ɧɚ ɨɫɧɨɜɧɿɣ
ɱɚɫɬɨɬɿ  Ƚɰ ɜ ɨɞɧɨɮɚɡɧɨɦɭ ɪɟɡɨɧɚɧɫɧɨɦɭ
ɩɟɪɟɬɜɨɪɸɜɚɱɿ ɡ ɮɚɡɨɜɢɦ ɫɩɨɫɨɛɨɦ ɤɟɪɭɜɚɧɧɹ ɡɚ
ɪɟɡɭɥɶɬɚɬɚɦɢ ɮɿɡɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɡɚɡɧɚɱɟɧɨɝɨ
ɩɟɪɟɬɜɨɪɸɜɚɱɚ 
Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɦɟɬɢ ɜ ɫɬɚɬɬɿ
ɪɨɡɝɥɹɧɭɬɿɩɪɢɧɰɢɩɢɮɚɡɨɜɨɝɨɤɟɪɭɜɚɧɧɹɨɞɧɨɮɚɡɧɢɦ
ɪɟɡɨɧɚɧɫɧɢɦ ɩɟɪɟɬɜɨɪɸɜɚɱɟɦ ɣɨɝɨ ɫɬɪɭɤɬɭɪɚ ɬɚ
ɚɥɝɨɪɢɬɦ ɤɟɪɭɜɚɧɧɹ ɹɤɢɣ ɡɚɛɟɡɩɟɱɢɜ ɪɟɠɢɦ ɦ¶ɹɤɨʀ
ɤɨɦɭɬɚɰɿʀ ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɩɪɢɧɰɢɩɢ ɮɚɡɨɜɨɝɨ
ɫɩɨɫɨɛɭ ɤɟɪɭɜɚɧɧɹ Ⱦɥɹ ɩɿɞɬɜɟɪɞɠɟɧɧɹ ɬɟɨɪɟɬɢɱɧɢɯ
ɜɢɫɧɨɜɤɿɜɩɨɪɿɜɧɹɧɿɯɚɪɚɤɬɟɪɢɫɬɢɤɢɨɬɪɢɦɚɧɿɲɥɹɯɨɦ
ɤɨɦɩ¶ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ





ɋɯɟɦɚ ɩɟɪɟɬɜɨɪɸɜɚɱɚ ɹɤɢɣ ɭɡɝɨɞɠɭɽ ɥɿɧɿɸ
ɡɦɿɧɧɨʀ ɜɢɫɨɤɨʀ ɧɚɩɪɭɝɢ ɡ ɥɿɧɿɽɸ ɩɨɫɬɿɣɧɨʀ ɧɚɩɪɭɝɢ
ɧɚɜɟɞɟɧɚɧɚɪɢɫ 1. Ⱦɨɥɿɧɿʀɩɨɫɬɿɣɧɨʀɧɚɩɪɭɝɢɦɨɠɭɬɶ
ɛɭɬɢ ɩɿɞɤɥɸɱɟɧɢɦɢ ɹɤ ɧɚɜɚɧɬɚɠɟɧɧɹ ɬɚɤ ɿ ɫɢɫɬɟɦɚ
ɪɨɡɩɨɞɿɥɟɧɢɯ ɝɟɧɟɪɚɬɨɪɿɜ ɬɚ ɧɚɤɨɩɢɱɭɜɚɱɿɜ
ɟɥɟɤɬɪɢɱɧɨʀ ɟɧɟɪɝɿʀ ɉɪɢ ɩɟɪɟɞɚɱɿ ɟɧɟɪɝɿʀ ɡ ɦɟɪɟɠɿ ɜ
ɧɚɜɚɧɬɚɠɟɧɧɹ ɩɟɪɟɬɜɨɪɸɜɚɱ ɞɿɽ ɹɤ ɜɢɩɪɹɦɥɹɱ ɚ ɩɪɢ
ɡɜɨɪɨɬɧɨɦɭ ɧɚɩɪɹɦɤɭ ɩɨɬɨɤɭ ɟɧɟɪɝɿʀ ɬɨɛɬɨ ɜɿɞ
ɪɨɡɩɨɞɿɥɟɧɢɯ ɝɟɧɟɪɚɬɨɪɿɜ ɜ ɦɟɪɟɠɭ - ɹɤ ɿɧɜɟɪɬɨɪ
ɧɚɩɪɭɝɢ >7]. Ʉɥɸɱɿ ɤɨɦɭɬɚɬɨɪɚ ɤɟɪɭɸɬɶɫɹ ɬɚɤɢɦ
ɱɢɧɨɦ ɳɨɛ ɫɮɨɪɦɭɜɚɬɢ ɧɚ ɫɬɨɪɨɧɿ ɡɦɿɧɧɨʀ ɧɚɩɪɭɝɢ
ɤɨɦɭɬɚɬɨɪɚ ɡɦɿɧɧɭ ɧɚɩɪɭɝɭ ɩɪɹɦɨɤɭɬɧɨʀ ɮɨɪɦɢ ɡ
ɱɚɫɬɨɬɨɸɦɟɪɟɠɿf ɨɫɧɨɜɧɨɸɱɚɫɬɨɬɨɸ. 
 




ɇɚ ɫɯɟɦɿ ɪɢɫ  ɩɨɡɧɚɱɟɧɨ uɦ - ɡɦɿɧɧɚ ɧɚɩɪɭɝɚ
ɦɟɪɟɠɿ ɠɢɜɥɟɧɧɹ u - ɧɚɩɪɭɝɚ ɧɚ ɤɨɦɭɬɚɬɨɪɿ
Uɧ - ɧɚɩɪɭɝɚ ɧɚɜɚɧɬɚɠɟɧɧɹ Uɧɡ - ɧɚɩɪɭɝɚ ɡɚɜɞɚɧɧɹ 
ɧɚɩɪɭɝɢ ɧɚɜɚɧɬɚɠɟɧɧɹ; K - ɤɨɦɭɬɚɬɨɪ
C ɬɚ L - ɤɨɧɞɟɧɫɚɬɨɪɬɚɞɪɨɫɟɥɶɩɨɫɥɿɞɨɜɧɨɝɨɮɿɥɶɬɪɭ 
Cɮ - ɤɨɧɞɟɧɫɚɬɨɪ ɮɿɥɶɬɪɭ ɧɚɜɚɧɬɚɠɟɧɧɹ; Ⱦɇɦ ɿ
Ⱦɇɧ - ɞɚɬɱɢɤɢ ɧɚɩɪɭɝɢ ɦɟɪɟɠɿ ɬɚ ɧɚɜɚɧɬɚɠɟɧɧɹ
3ɇ - ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɭɝɢ ɎɄ - ɮɚɡɨɜɢɣ ɤɨɧɬɪɨɥɟɪ
Ɏȱ - ɮɨɪɦɭɜɚɱɿɦɩɭɥɶɫɿɜ 
ɍ ɩɟɪɲɨɦɭ ɛɚɡɢɫɧɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ɜɯɿɞɧɢɣ
ɮɿɥɶɬɪɧɚɥɚɲɬɨɜɚɧɢɣɧɚɪɟɡɨɧɚɧɫɧɚ ɱɚɫɬɨɬɿ ɦɟɪɟɠɿ 
 ZLɛ=1/(ZCɛ)=X=X*RN,  RN=Um/Im, (1) 
 
ɞɟ Z=2Sf; Lɛ ɿ ɋɛ - ɛɚɡɢɫɧɿ ɡɧɚɱɟɧɧɹ ɿɧɞɭɤɬɢɜɧɨɫɬɿ ɿ
ɽɦɧɨɫɬɿ X* - ɜɿɞɧɨɫɧɢɣ ɪɟɚɤɬɢɜɧɢɣ ɨɩɿɪ ɤɨɧɬɭɪɭ ɜ
ɛɚɡɨɜɨɦɭ ɪɟɠɢɦɿ ɹɤɢɣ ɡɝɿɞɧɨ ɪɟɤɨɦɟɧɞɚɰɿʀ >7], 
ɞɨɰɿɥɶɧɨ ɩɪɢɣɧɹɬɢ ɪɿɜɧɢɦ ɨɞɢɧɢɰɿ RN - ɨɩɿɪ
ɧɨɦɿɧɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɩɪɢɜɟɞɟɧɢɣ ɞɨ ɜɯɨɞɭ 
ɤɨɦɭɬɚɬɨɪɚɹɤɢɣɜɢɡɧɚɱɚɽɬɶɫɹɹɤɜɿɞɧɨɲɟɧɧɹɩɟɪɲɢɯ 
ɝɚɪɦɨɧɿɤɧɨɦɿɧɚɥɶɧɨɝɨɧɚɩɪɭɝɢ ɿ ɫɬɪɭɦɭ ɉɪɢɰɶɨɦɭ, 
ɚɦɩɥɿɬɭɞɧɟ ɡɧɚɱɟɧɧɹ Um ɩɟɪɲɨʀ ɝɚɪɦɨɧɿɤɢ ɜɯɿɞɧɨʀ
ɧɚɩɪɭɝɢ ɩɨɜ
ɹɡɚɧɟ ɡ ɜɢɯɿɞɧɨɸ ɧɚɩɪɭɝɨɸ Uɧ ɿ
ɩɨɬɭɠɧɿɫɬɸɩɟɪɟɬɜɨɪɸɜɚɱɚPH ɪɿɜɧɨɫɬɹɦɢ 
 
Um=4/SUɧ,  Pɧ=1/2UmIm. (2) 
 
əɤ ɩɨɤɚɡɚɧɨ ɜ >10@ ɩɪɢ ɛɚɡɢɫɧɨɦɭ ɪɟɠɢɦɿ
ɪɨɛɨɬɿɿɫɧɭɽɠɨɪɫɬɤɢɣɡɜ
ɹɡɨɤɦɿɠɜɯɿɞɧɨɸɿɜɢɯɿɞɧɨɸ
ɧɚɩɪɭɝɨɸ ɿ ɧɟɦɚɽ ɦɨɠɥɢɜɨɫɬɟɣ ɞɥɹ ɪɟɝɭɥɸɜɚɧɧɹ
ɫɬɪɭɦɭɚɛɨɧɚɩɪɭɝɢɧɚɜɚɧɬɚɠɟɧɧɹ 
ɉɪɢ ɮɚɡɨɜɨɦɭ ɤɟɪɭɜɚɧɧɿ ɜɢɤɨɪɢɫɬɚɧɨ 
ɪɨɡɫɬɪɨɽɧɧɹ ɪɟɡɨɧɚɧɫɭ ɩɪɢ ɹɤɨɦɭ ɿɧɞɭɤɬɢɜɧɿɫɬɶ ɬɚ
ɽɦɧɿɫɬɶLC - ɮɿɥɶɬɪɚɨɛɪɚɧɿɬɚɤɳɨ ɿɧɞɭɤɬɢɜɧɢɣɨɩɿɪ
ɧɚ ɨɫɧɨɜɧɿɣ ɱɚɫɬɨɬɿ ɛɿɥɶɲɢɣ ɩɨɪɿɜɧɹɧɨ ɡ ɽɦɧɿɫɧɢɦ
ɨɩɨɪɨɦ ɿ ʀɯ ɪɿɡɧɢɰɹ 'X ɦɚɽ ɩɨɪɹɞɨɤ - ɜɿɞ ɏ. 
Ɂɚɜɞɹɤɢ ɬɨɦɭ, ɳɨ ɿɧɞɭɤɬɢɜɧɢɣ ɬɚ ɽɦɧɿɫɧɢɣ ɨɩɨɪɢ













'X=|ZL-1/(ZC)|,  L=(1+G)Lɛ, ɋ 1+Gɋɛ,   (3) 
 
ɞɟG - ɝɥɢɛɢɧɚɪɨɡɫɬɪɨɽɧɧɹ ɪɟɡɨɧɚɧɫɭɩɨɜɿɞɧɨɲɟɧɧɸ
ɞɨɛɚɡɢɫɧɢɯɡɧɚɱɟɧɶ1).  
Ⱦɿɚɝɪɚɦɢ ɪɢɫ  ɩɨɹɫɧɸɸɬɶ ɩɪɢɧɰɢɩ ɮɚɡɨɜɨɝɨ





Ɋɢɫ 2 ± ɉɪɢɧɰɢɩɮɚɡɨɜɨɝɨɤɟɪɭɜɚɧɧɹ 
 
ɋɢɫɬɟɦɨɸ ɤɟɪɭɜɚɧɧɹ ɤɨɦɭɬɚɬɨɪɚ ɦɨɠɧɚ
ɩɨɜɟɪɧɭɬɢ ɜɟɤɬɨɪ ɧɚɩɪɭɝɢ ɧɚ ɛɨɰɿ ɡɦɿɧɧɨɝɨ ɫɬɪɭɦɭ
ɫɢɥɨɜɨɝɨ ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɨɝɨ ɤɨɦɭɬɚɬɨɪɚ U ɳɨɞɨ 
ɜɟɤɬɨɪɚ ɧɚɩɪɭɝɚɦɟɪɟɠɿUɦ ɧɚɡɚɞɚɧɢɣɤɭɬɤɟɪɭɜɚɧɧɹD. Ɂɚɜɞɹɤɢ ɰɶɨɦɭ ɪɿɡɧɢɰɟɜɚ ɧɚɩɪɭɝɚ 'U ɡɫɭɧɭɬɚ
ɜɿɞɧɨɫɧɨ ɧɚɩɪɭɝɢ ɦɟɪɟɠɿ ɡɦɿɧɧɨɝɨ ɫɬɪɭɦɭ ɧɚ ɤɭɬ
ɹɤɢɣɩɪɢɦɚɥɨɦɭD ɧɚɛɥɢɠɚɽɬɶɫɹɞɨS/2Ɍɨɦɭɫɬɪɭɦ
ɩɟɪɟɬɜɨɪɸɜɚɱɚ Iɦ ɩɪɢɛɥɢɡɧɨ ɫɩɿɜɩɚɞɚɽ ɡɚ ɮɚɡɨɸ ɡ
ɧɚɩɪɭɝɨɸɦɟɪɟɠɿɚɛɨɦɚɽɜɡɚɥɟɠɧɨɫɬɿɜɿɞɡɧɚɤɭɤɭɬɚ
ɤɟɪɭɜɚɧɧɹ ɩɪɨɬɢɥɟɠɧɢɣ ɧɚɩɪɹɦɨɤ Ɉɬɠɟ ɡɦɿɧɨɸ
ɤɭɬɚɤɟɪɭɜɚɧɧɹɦɨɠɧɚɪɟɝɭɥɸɜɚɬɢɩɨɬɿɤɩɨɬɭɠɧɨɫɬɿɚ
ɡɦɿɧɨɸ ɡɧɚɤɚ ɤɭɬɚ ɤɟɪɭɜɚɧɧɹ - ɧɚɩɪɹɦɨɤ ɰɶɨɝɨ
ɩɨɬɨɤɭ ɍ ɝɪɚɧɢɱɧɨɦɭ ɪɟɠɢɦɿ ɩɪɢ D  ɨɛɦɿɧɭ
ɟɧɟɪɝɿɽɸɦɿɠɦɟɪɟɠɟɸɿɧɚɜɚɧɬɚɠɟɧɧɹɦɧɟɦɚɽ Ɍɚɤɢɦ
ɱɢɧɨɦ ɮɚɡɨɜɟ ɤɟɪɭɜɚɧɧɹ ɩɨ ɞɚɧɨɦɭ ɩɪɢɧɰɢɩɭ
ɡɚɛɟɡɩɟɱɭɽ ɞɜɨɫɬɨɪɨɧɧɿɣ ɪɟɝɭɥɶɨɜɚɧɢɣ ɨɛɦɿɧ
ɟɧɟɪɝɿɽɸ ɦɿɠ ɦɟɪɟɠɟɸ ɿ ɧɚɜɚɧɬɚɠɟɧɧɹɦ ɡ
ɪɨɡɩɨɞɿɥɟɧɢɦɢ ɝɟɧɟɪɚɬɨɪɚɦɢ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɛɟɡ
ɝɟɧɟɪɚɰɿʀɪɟɚɤɬɢɜɧɨʀɩɨɬɭɠɧɨɫɬɿɜɦɟɪɟɠɿ 
Ʉɨɦɩ¶ɸɬɟɪɧɟ ɬɚ ɮɿɡɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ
ɨɞɧɨɮɚɡɧɨɝɨ ɪɟɡɨɧɚɧɫɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ ɡ
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɮɚɡɨɜɨɝɨ ɫɩɨɫɨɛɭ
ɤɟɪɭɜɚɧɧɹ ɡ ɦ
ɹɤɨɸ ɤɨɦɭɬɚɰɿɽɸ ɧɚ ɨɫɧɨɜɧɿɣ ɱɚɫɬɨɬɿ
ɦɟɪɟɠɿ ɠɢɜɥɟɧɧɹ  Ƚɰ ɛɭɥɨ ɜɢɤɨɧɚɧɨ ɜ ɪɟɠɢɦɿ
ɜɢɩɪɹɦɥɹɱɚ ɧɚ ɩɪɢɤɥɚɞɿ ɧɢɡɶɤɨɜɨɥɶɬɧɨɝɨ ɩɨɪɹɞɤɭ
33 ȼ ɬɚ ɦɚɥɨɩɨɬɭɠɧɨɝɨ ɩɨɪɹɞɤɭ  ȼɬ ɦɚɤɟɬɚ
ɩɟɪɟɬɜɨɪɸɜɚɱɚ ɫɯɟɦɚ ɹɤɨɝɨ ɧɚɜɟɞɟɧɚ ɧɚ ɪɢɫ 1. ɓɨɛ
ɦɚɤɟɬ ɞɨɛɪɟ ɦɨɞɟɥɸɜɚɜ ɩɪɨɰɟɫɢ ɪɟɚɥɶɧɢɯ ɜɢɫɨɤɨ
ɩɨɬɭɠɧɢɯ ɜɢɫɨɤɨɜɨɥɶɬɧɢɯ ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ ɛɭɥɚ
ɞɨɬɪɢɦɚɧɚɜɢɦɨɝɚɳɨɞɨɜɢɫɨɤɨʀɞɨɛɪɨɬɧɨɫɬɿɞɪɨɫɟɥɹ
ɇɚ ɪɢɫ 3 ɩɪɢɜɟɞɟɧɚ ɫɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ ɨɞɧɨɮɚɡɧɨɝɨ
ɪɟɡɨɧɚɧɫɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ ɡ ɮɚɡɨɜɢɦ ɫɩɨɫɨɛɨɦ
ɤɟɪɭɜɚɧɧɹ 
ɇɚ ɫɯɟɦɿ ɪɢɫ 3 ɩɨɡɧɚɱɟɧɨ Ɇɀ - ɦɟɪɟɠɚ
ɠɢɜɥɟɧɧɹ ɡɦɿɧɧɨʀ ɧɚɩɪɭɝɢ ɊɉɎ - ɪɟɡɨɧɚɧɫɧɢɣ
ɩɨɫɥɿɞɨɜɧɢɣ ɮɿɥɶɬɪ Ʉ - ɤɨɦɭɬɚɬɨɪ Ɏɇ - ɮɿɥɶɬɪ 
ɧɚɜɚɧɬɚɠɟɧɧɹ ɇ - ɧɚɜɚɧɬɚɠɟɧɧɹ Ⱦ ©ª - ɞɚɬɱɢɤ ©ª
ɧɚɩɪɭɝɢ ɦɟɪɟɠɿ Ȼɀ - ɛɥɨɤ ɠɢɜɥɟɧɧɹ Ⱦ - ɞɪɚɣɜɟɪɢ
ɤɥɸɱɿɜ ɤɨɦɭɬɚɬɨɪɚ ɇɁɇ - ɧɚɩɪɭɝɚ ɡɚɜɞɚɧɧɹ
ɧɚɜɚɧɬɚɠɟɧɧɹ Ⱦɇɇ - ɞɚɬɱɢɤ ɧɚɩɪɭɝɢ ɧɚɜɚɧɬɚɠɟɧɧɹ
ɊɆɉ - ɪɨɡɪɚɯɭɧɨɤ ɦɨɦɟɧɬɿɜ ɩɟɪɟɦɢɤɚɧɶ
ɎɄɋ - ɮɨɪɦɭɜɚɧɧɹ ɤɟɪɭɸɱɢɯ ɫɢɝɧɚɥɿɜ
ȼɉɇɇ - ɜɢɡɧɚɱɟɧɧɹ ɩɨɦɢɥɤɢ ɧɚɩɪɭɝɢ ɧɚɜɚɧɬɚɠɟɧɧɹ
ȼɄɄ - ɜɢɡɧɚɱɟɧɧɹ ɤɭɬɚ ɤɟɪɭɜɚɧɧɹ Ɋɇ - ɪɟɝɭɥɹɬɨɪ
ɧɚɩɪɭɝɢ. Ɂɝɿɞɧɨ ɫɬɪɭɤɬɭɪɧɨʀ ɫɯɟɦɿ ɪɢɫ 3 ɤɨɦɭɬɚɬɨɪ
ɩɪɢɽɞɧɭɽɬɶɫɹ ɞɨ ɦɟɪɟɠɿ ɠɢɜɥɟɧɧɹ ɡɦɿɧɧɨʀ ɧɚɩɪɭɝɢ ɡ
ɱɚɫɬɨɬɨɸ  Ƚɰ ɱɟɪɟɡ ɪɟɡɨɧɚɧɫɧɢɣ ɩɨɫɥɿɞɨɜɧɢɣ 
ɮɿɥɶɬɪ ɉɿɫɥɹ ɤɨɦɭɬɚɬɨɪɚ ɩɿɞɤɥɸɱɟɧɨ ɮɿɥɶɬɪ
ɧɚɜɚɧɬɚɠɟɧɧɹ ɬɚ ɧɚɜɚɧɬɚɠɟɧɧɹ ȼɢɯɿɞɧɿ ɫɢɝɧɚɥɢ 
ɞɚɬɱɢɤɚ ɧɭɥɹ ɧɚɩɪɭɝɢ ɞɚɬɱɢɤ ©ª ɳɨ ɜɢɡɧɚɱɚɽ
ɦɨɦɟɧɬ ɩɟɪɟɯɨɞɭ ɧɚɩɪɭɝɢ ɜ ɦɟɪɟɠɿ ɱɟɪɟɡ ɧɭɥɶɨɜɟ
ɡɧɚɱɟɧɧɹ ɬɚ ɞɚɬɱɢɤɚ ɧɚɩɪɭɝɢ ɧɚ ɧɚɜɚɧɬɚɠɟɧɧɿ
ɩɨɫɬɭɩɚɸɬɶ ɞɨ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɩɟɪɟɬɜɨɪɸɜɚɱɟɦ
ɞɟ ɜɨɧɢ ɨɛɪɨɛɥɸɸɬɶɫɹ ɡɝɿɞɧɨ ɚɥɝɨɪɢɬɦɭ
ɦɿɤɪɨɩɪɨɰɟɫɨɪɨɦ ɹɤɢɣ ɮɨɪɦɭɽ ɤɟɪɭɸɱɿ ɫɢɝɧɚɥɢ ɞɥɹ





Ɋɢɫ 3 ± ɋɬɪɭɤɬɭɪɧɚɫɯɟɦɚɨɞɧɨɮɚɡɧɨɝɨɪɟɡɨɧɚɧɫɧɨɝɨ
ɩɟɪɟɬɜɨɪɸɜɚɱɚɡɮɚɡɨɜɢɦɫɩɨɫɨɛɨɦɤɟɪɭɜɚɧɧɹ. 
 
Ɂɚɜɞɚɧɧɹ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɩɨɥɹɝɚɽ ɜ
ɩɿɞɬɪɢɦɚɧɧɿɧɟɡɦɿɧɧɨɸɧɚɩɪɭɝɢɧɚɧɚɜɚɧɬɚɠɟɧɧɿɩɪɢ
ɜɿɞɯɢɥɟɧɧɿ ɧɚɩɪɭɝɢ ɦɟɪɟɠɿ ɜɿɞ ɧɨɦɿɧɚɥɶɧɨɝɨ
ɡɧɚɱɟɧɧɹɁɜɟɤɬɨɪɧɨʀɞɿɚɝɪɚɦɢɪɢɫ 2,b ɜɢɞɧɨɳɨɞɥɹ
ɩɿɞɬɪɢɦɚɧɧɹ U=const ɩɪɢ ɡɦɿɧɿUɦ, ɦɚɽ ɡɦɿɧɸɜɚɬɢɫɶ'U ɬɚ ɤɭɬ ɤɟɪɭɜɚɧɧɹ D. Ɋɨɡɫɬɪɨɽɧɢɣ ɩɨɫɥɿɞɨɜɧɢɣ
ɪɟɡɨɧɚɧɫɧɢɣ ɮɿɥɶɬɪ ɦɚɽ ɧɚ ɨɫɧɨɜɧɿɣ ɱɚɫɬɨɬɿ f 
ɪɟɡɭɥɶɬɭɸɱɢɣ ɨɩɿɪ ɿɧɞɭɤɬɢɜɧɨɝɨ ɯɚɪɚɤɬɟɪɭ ɜ
ɧɚɫɥɿɞɨɤ ɱɨɝɨ ɩɪɢ ɩɪɨɯɨɞɠɟɧɧɿ ɫɬɪɭɦɭ ɜɢɧɢɤɚɽ
ɩɚɞɿɧɧɹɧɚɩɪɭɝɢ'U. ɉɪɢɰɶɨɦɭ ɡɪɢɫ 2,b 
 'U/Uɦ=tgĮ, Į=arctg('U/Uɦ).       (4)  
 
Ɂɞɜɢɝɚɸɱɢ ɩɨ ɮɚɡɿ ɦɨɦɟɧɬ ɤɨɦɭɬɚɰɿʀ
ɤɨɦɭɬɚɬɨɪɚɬɨɛɬɨɡɦɿɧɸɸɱɢɤɭɬɤɟɪɭɜɚɧɧɹDɦɨɠɧɚ
ɪɟɝɭɥɸɜɚɬɢɫɬɪɭɦɳɨɬɟɱɟɤɪɿɡɶɩɨɫɥɿɞɨɜɧɢɣɮɿɥɶɬɪ
ɬɚ ɩɚɞɿɧɧɹ ɧɚɩɪɭɝɢ 'U ɧɚ ɧɶɨɦɭ Ɍɚɤɢɦ ɱɢɧɨɦ ɞɥɹ
ɩɿɞɬɪɢɦɚɧɧɹ ɧɚɩɪɭɝɢ ɧɚ ɧɚɜɚɧɬɚɠɟɧɿ ɫɥɿɞ ɞɥɹ
ɫɢɧɯɪɨɧɿɡɚɰɿʀ ɡ ɦɟɪɟɠɟɸ ɜɢɡɧɚɱɚɬɢ ɧɭɥɶ ɧɚɩɪɭɝɢ
ɨɩɢɪɚɸɱɢɫɶ ɧɚ ɩɨɬɨɱɧɟ ɡɧɚɱɟɧɧɹ ɧɚɩɪɭɝɢ ɧɚ
ɧɚɜɚɧɬɚɠɟɧɿ ɬɚ ɧɚɩɪɭɝɢ ɡɚɜɞɚɧɧɹ ɜɢɡɧɚɱɢɬɢ ɡɚ
ɞɨɩɨɦɨɝɨɸ ɪɟɝɭɥɹɬɨɪɚ ɧɚɩɪɭɝɢ ɧɟɨɛɯɿɞɧɟ ɡɧɚɱɟɧɧɹ'U ɿɡɚɞɨɩɨɦɨɝɨɸ(5) ɪɨɡɪɚɯɭɜɚɬɢɤɭɬɤɟɪɭɜɚɧɧɹɳɨ












Ɇɿɤɪɨɩɪɨɰɟɫɨɪɧɚ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɩɨɜɢɧɧɚ 
ɝɟɧɟɪɭɜɚɬɢ ɤɟɪɭɸɱɿ ɫɢɝɧɚɥɢ ɞɥɹ ɩɟɪɟɦɢɤɚɧɧɹ
ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɢɯ ɤɥɸɱɿɜ ɩɟɪɟɬɜɨɪɸɜɚɱɚ ɡɚ
ɞɨɩɨɦɨɝɨɸ ɮɚɡɨɜɨɝɨ ɫɩɨɫɨɛɭ ɤɟɪɭɜɚɧɧɹ Ⱦɥɹ ɰɶɨɝɨ
ɜɨɧɚ ɩɨɜɢɧɧɚ ɡɚ ɞɨɩɨɦɨɝɨɸ ɨɬɪɢɦɚɧɢɯ ɫɢɝɧɚɥɿɜ ɜɿɞ
ɞɚɬɱɢɤɿɜ ɧɚɩɪɭɝɢ ɧɚɜɚɧɬɚɠɟɧɧɹ ɬɚ ɞɚɬɱɢɤɚ ©ª
ɜɢɤɨɧɚɬɢɪɨɡɪɚɯɭɧɤɢɿɜɪɟɡɭɥɶɬɚɬɿɜɢɡɧɚɱɢɬɢɦɨɦɟɧɬ
ɱɚɫɭ ɜ ɹɤɢɣ ɦɚɽ ɜɿɞɛɭɬɢɫɶ ɧɚɫɬɭɩɧɟ ɩɟɪɟɦɢɤɚɧɧɹ
ɤɥɸɱɿɜ ɡ ɩɨɫɥɿɞɭɸɱɢɦ ɝɟɧɟɪɭɜɚɧɧɹɦ ɜ ɜɢɡɧɚɱɟɧɢɣ
ɦɨɦɟɧɬɱɚɫɭɤɟɪɭɸɱɢɯɫɢɝɧɚɥɿɜ  
Ⱥɥɝɨɪɢɬɦ ɪɨɛɨɬɢ ɦɿɤɪɨɩɪɨɰɟɫɨɪɧɨʀ ɫɢɫɬɟɦɢ








ɉɪɢ ɜɜɿɦɤɧɟɧɿ ɦɿɤɪɨɩɪɨɰɟɫɨɪɧɨʀ ɫɢɫɬɟɦɢ ɩɟɪɲɨɸ
ɱɟɪɝɨɸɜɿɞɛɭɜɚɽɬɶɫɹɿɧɿɰɿɚɥɿɡɚɰɿɹɤɨɧɫɬɚɧɬɬɚɡɦɿɧɧɢɯ
ɩɟɪɲɟ ɧɚɥɚɲɬɭɜɚɧɧɹ ɬɚɣɦɟɪɚ Ⱥɐɉ ɡɨɜɧɿɲɧɿɯ
ɩɟɪɟɪɢɜɚɧɶȾɚɥɿɨɱɿɤɭɽɬɶɫɹɡɨɜɧɿɲɧɽɩɟɪɟɪɢɜɚɧɧɹɩɨ
ɫɢɝɧɚɥɭ ɡ ɞɚɬɱɢɤɚ ©ª ɧɚɩɪɭɝɢ ɦɟɪɟɠɿ ɉɪɢ
ɧɚɞɯɨɞɠɟɧɧɿɰɶɨɝɨɩɟɪɟɪɢɜɚɧɧɹɜɬɚɣɦɟɪɡɚɩɢɫɭɽɬɶɫɹ
ɧɨɜɟ ɡɧɚɱɟɧɧɹ ɳɨ ɜɿɞɩɨɜɿɞɚɽ ɤɭɬɭ ɤɟɪɭɜɚɧɧɹ Į, 
ɜɢɪɚɠɟɧɨɦɭ ɜ ɦɿɤɪɨɫɟɤɭɧɞɚɯ ɉɿɫɥɹ ɜɿɞɩɪɚɰɸɜɚɧɧɹ
ɰɶɨɝɨɱɚɫɭɬɚɣɦɟɪɨɦɝɟɧɟɪɭɽɬɶɫɹɩɟɪɟɪɢɜɚɧɧɹɩɿɞɱɚɫ
ɹɤɨɝɨ ɜɢɞɚɸɬɶɫɹ ɤɟɪɭɸɱɿ ɫɢɝɧɚɥɢ ɞɥɹ ɤɥɸɱɿɜ ɬɚ
ɡɚɩɢɫɭɸɬɶɫɹ ɜ ɬɚɣɦɟɪ ɧɨɜɟ ɡɧɚɱɟɧɧɹ ɳɨ ɞɨɪɿɜɧɸɽ 
ɪɿɡɧɢɰɿɦɿɠɞɨɜɠɢɧɨɸɩɿɜɩɟɪɿɨɞɭɦɟɪɟɠɿɠɢɜɥɟɧɧɹɬɚ
ɤɭɬɚ ɤɟɪɭɜɚɧɧɹ Į ɉɿɫɥɹ ɜɿɞɩɪɚɰɸɜɚɧɧɹ ɰɶɨɝɨ ɱɚɫɭ
ɦɚɥɨ ɛ ɡɧɨɜɭ ɝɟɧɟɪɭɜɚɬɢɫɹ ɬɚɣɦɟɪɨɦ ɩɟɪɟɪɢɜɚɧɧɹ ɬɚ
ɩɟɪɟɡɚɩɢɫɚɬɢɫɶ ɭ ɬɚɣɦɟɪ ɧɨɜɟ ɡɧɚɱɟɧɧɹ ɤɭɬɚ
ɤɟɪɭɜɚɧɧɹ Į Ⱥɥɟ ɜ ɰɟɣ ɱɚɫ ɦɚɽ ɜɠɟ ɜɿɞɛɭɬɢɫɶ
ɡɨɜɧɿɲɧɽ ɩɟɪɟɪɢɜɚɧɧɹ ɩɨ ɫɢɝɧɚɥɭ ɡ ɞɚɬɱɢɤɚ ©ª
ɧɚɩɪɭɝɢɦɟɪɟɠɿ 
Ɇɟɬɨɸɬɚɤɨɝɨ©ɞɭɛɥɸɜɚɧɧɹªɽɡɚɯɢɫɬɡɨɞɧɨɝɨ 
ɛɨɤɭ ɜɿɞ ɪɚɩɬɨɜɢɯ ɡɨɜɧɿɲɧɿɯ ɩɟɪɟɲɤɨɞ ɳɨ ɡɚɜɚɞɹɬɶ
ɫɩɪɚɰɸɜɚɧɧɸ ɞɚɬɱɢɤɚ ©ª ɧɚɩɪɭɝɢ ɦɟɪɟɠɿ. 
ɉɟɪɟɪɢɜɚɧɧɹ ɜɿɞ ɬɚɣɦɟɪɚ ɜɢɤɨɧɭɽɮɭɧɤɰɿɸ ɚɜɚɪɿɣɧɨʀ
ɫɢɧɯɪɨɧɿɡɚɰɿʀ ɿ ɧɟ ɞɚɽ ɦɿɤɪɨɩɪɨɰɟɫɨɪɭ ɜɬɪɚɬɢɬɢ
ɱɟɪɝɨɜɿɤɟɪɭɸɱɿɫɢɝɧɚɥɢ. əɤɳɨɭɜɢɩɚɞɤɭɩɨɦɢɥɤɢɧɟ
ɜɿɞɛɭɥɨɫɹ ɩɟɪɟɪɢɜɚɧɧɹ ɜɿɞ ɞɚɬɱɢɤɚ ©ª ɩɟɪɟɡɚɩɢɫ
ɡɧɚɱɟɧɧɹ ɤɭɬɚ ɤɟɪɭɜɚɧɧɹ Į ɜɿɞɛɭɞɟɬɶɫɹ ɡɚɜɞɹɤɢ
ɩɟɪɟɪɢɜɚɧɧɸ ɜɿɞ ɬɚɣɦɟɪɚ Ɂɨɜɧɿɲɧɽ ɩɟɪɟɪɢɜɚɧɧɹ ɜɿɞ
ɞɚɬɱɢɤɚ ©ª ɧɚɩɪɭɝɢ ɦɟɪɟɠɿ ɩɨɫɬɿɣɧɨ ɤɨɪɟɝɭɽ ɿ
ɫɢɧɯɪɨɧɿɡɭɽɬɚɣɦɟɪɡɦɟɪɟɠɟɸɠɢɜɥɟɧɧɹɦɿɧɿɦɿɡɭɸɱɢ
ɩɨɯɢɛɤɭ ȼ ɱɚɫɦɿɠ ɩɟɪɟɪɢɜɚɧɧɹɦɢ ɦɿɤɪɨɩɪɨɰɟɫɨɪɧɚ
ɫɢɫɬɟɦɚ ɡɧɿɦɚɽ ɡɧɚɱɟɧɧɹ ɡ ɤɚɧɚɥɿɜ Ⱥɐɉ ɬɚ ɜɢɤɨɧɭɽ
ɪɨɡɪɚɯɭɧɤɢ. ȱɦɩɭɥɶɫɧɿ ɞɿɚɝɪɚɦɢ ɪɨɛɨɬɢ
ɦɿɤɪɨɩɪɨɰɟɫɨɪɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɧɚɜɟɞɟɧɿ ɧɚ




















ɜɢɤɨɧɚɧɨ ɜ ɩɚɤɟɬɿ 0DWODE6LPXOLQN ɋɢɥɨɜɚ ɫɯɟɦɚ
Matlab-ɦɨɞɟɥɿ ɩɟɪɟɬɜɨɪɸɜɚɱɚ ɪɢɫ 6 ɫɤɥɚɞɚɽɬɶɫɹ ɡ 
ɛɥɨɤɿɜ: us ɳɨ ɦɨɞɟɥɸɽ ɦɟɪɟɠɭ ɡɦɿɧɧɨʀ ɧɚɩɪɭɝɢ
LC - ɩɨɫɥɿɞɨɜɧɢɣ ɪɟɡɨɧɚɧɫɧɢɣ ɤɨɧɬɭɪ ɚ ɬɚɤɨɠ
ɚɤɬɢɜɧɢɣ ɨɩɿɪ ɞɪɨɫɟɥɹ ɬɚ ɩɪɨɜɨɞɿɜ K - ɫɢɥɨɜɢɣ
ɤɨɦɭɬɚɬɨɪ Cd - ɽɦɧɿɫɬɶ ɮɿɥɶɬɪɚ ɧɚɜɚɧɬɚɠɟɧɧɹ
Rd - ɚɤɬɢɜɧɢɣɨɩɿɪɧɚɜɚɧɬɚɠɟɧɧɹ ɋɢɫɬɟɦɚɤɟɪɭɜɚɧɧɹ
ɦɚɽɜɫɜɨɽɦɭɫɤɥɚɞɿ ɛɥɨɤɢ: Ud3 - ɡɚɜɞɚɧɧɹɧɚɩɪɭɝɢ ɧɚ 
ɧɚɜɚɧɬɚɠɟɧɿ; PID Controller - ɉȱ ɪɟɝɭɥɹɬɨɪ ɬɚ
ɮɨɪɦɭɜɚɱ ɤɟɪɭɸɱɢɯ ɿɦɩɭɥɶɫɿɜ Ɏɨɪɦɭɜɚɱ ɤɟɪɭɸɱɢɯ
ɿɦɩɭɥɶɫɿɜ ɜ ɫɜɨɸ ɱɟɪɝɭ ɦɚɽ ɮɚɡɨɜɢɣ ɤɨɧɬɪɨɥɟɪ ɡ
ɩɨɞɨɜɠɧɶɨɸ ɯ ɩɨɜ ɿ ɩɨɩɟɪɟɱɧɨɸ ɯ ɩɨɩ ɫɤɥɚɞɨɜɢɦɢ
ɫɢɝɧɚɥɭ ɡɚɜɞɚɧɧɹ ɛɥɨɤ Sign ɳɨ ɡɧɚɯɨɞɢɬɶ ɮɭɧɤɰɿɸ
ɡɧɚɤɚ ɜɿɞ ɫɢɝɧɚɥɭ ɡɚɜɞɚɧɧɹ ɳɨ ɩɨɫɬɭɩɚɽ ɜɿɞ ɛɥɨɤɭ
Sum ɜɭɡɥɢ ɩɟɪɟɬɜɨɪɟɧɧɹ ɡɧɚɤɨɡɦɿɧɧɢɯ ɤɟɪɭɸɱɢɯ
ɿɦɩɭɥɶɫɿɜ ɜ ɡɧɚɤɨɩɨɫɬɿɣɧɿ Abs ɬɚ Abs1); 
ɦɭɥɶɬɢɩɥɟɤɫɨɪ Mux ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ ɜɟɤɬɨɪɧɨɝɨ
ɤɟɪɭɸɱɨɝɨɫɢɝɧɚɥɭɞɥɹɛɥɨɤɭɫɢɥɨɜɨɝɨɤɨɦɭɬɚɬɨɪɚɄ. 
Ʉɪɿɦ ɬɨɝɨ ɦɿɫɬɢɬɶɫɹ ɬɚɤɨɠ ɛɥɨɤ alfa ɳɨ ɞɨɡɜɨɥɹɽ





Ɋɢɫ 6 ± Ɇɨɞɟɥɸɜɚɧɧɹɨɞɧɨɮɚɡɧɨɝɨɪɟɡɨɧɚɧɫɧɨɝɨ
ɩɟɪɟɬɜɨɪɸɜɚɱɚɜɩɚɤɟɬɿ0DWODE6LPXOLQN 
 
ɉɪɢ ɦɨɞɟɥɸɜɚɧɧɿ ɜɢɡɧɚɱɟɧɧɹ ɤɭɬɚ ɤɟɪɭɜɚɧɧɹ
ɜɿɞɛɭɜɚɽɬɶɫɹ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ ɉɨɡɞɨɜɠɧɹ ɿ
ɩɨɩɟɪɟɱɧɚ ɫɤɥɚɞɨɜɿ ɫɢɝɧɚɥɭ ɡɚɜɞɚɧɧɹ [8] ɡɫɭɧɭɬɿɦɿɠ
ɫɨɛɨɸɧɚ ɤɭɬS ɩɨɡɞɨɜɠɧɹ ɫɤɥɚɞɨɜɚɦɚɽ ɨɞɢɧɢɱɧɭ
ɚɦɩɥɿɬɭɞɭɚɩɨɩɟɪɟɱɧɚɳɨɧɚɞɯɨɞɢɬɶɜɿɞɪɟɝɭɥɹɬɨɪɚ
ɧɚɩɪɭɝɢɧɚɜɚɧɬɚɠɟɧɧɹ ɦɚɽɡɦɿɧɧɭɚɦɩɥɿɬɭɞɭɜɿɞɧɭɥɹ
ɞɨ ɨɞɢɧɢɰɿ ȼ ɦɨɦɟɧɬ ɱɚɫɭ ɤɨɥɢ ɩɨɡɞɨɜɠɧɹ ɿ




ɪɟɡɨɧɚɧɫɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ ɞɨɡɜɨɥɹɽ ɩɿɞɬɜɟɪɞɢɬɢ 
ɚɞɟɤɜɚɬɧɿɫɬɶ ɤɨɦɩ¶ɸɬɟɪɧɨʀ ɦɨɞɟɥɿ ɨɞɧɨɮɚɡɧɨɝɨ
ɪɟɡɨɧɚɧɫɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ ɩɨɪɿɜɧɸɸɱɢ ɨɬɪɢɦɚɧɿ
ɨɫɰɢɥɨɝɪɚɦɢ ɡ 0DWODE-ɦɨɞɟɥɿ ɬɚ ɡɧɹɬɿ ɡ ɮɿɡɢɱɧɨʀ
ɦɨɞɟɥɿ Ɇɨɞɟɥɸɜɚɧɧɹ ɜɢɤɨɧɭɜɚɥɨɫɶ ɩɪɢ ɬɚɤɨɦɭ
ɡɚɜɞɚɧɧɿɤɭɬɚɤɟɪɭɜɚɧɧɹDɳɨɛɤɨɦɭɬɚɰɿɹɜɿɞɛɭɜɚɥɚɫɶ
ɩɪɢ ɧɭɥɶɨɜɨɦɭ ɫɬɪɭɦɿ ɇɚ ɪɢɫ. 6 ɜɢɞɧɨ ɳɨ ɬɚɤɢɦ
ɤɭɬɨɦɽɩɪɢɛɥɢɡɧɨ15 ɟɥɟɤɬɪɢɱɧɢɯɝɪɚɞɭɫɿɜɇɚɪɢɫ. 7 
ɩɪɢɜɟɞɟɧɿ ɨɫɰɢɥɨɝɪɚɦɢ ɧɚɩɪɭɝɢ ɦɟɪɟɠɿ uɦ ɧɚɩɪɭɝɢ
ɩɟɪɟɞɤɨɦɭɬɚɬɨɪɨɦ u ɬɚɫɬɪɭɦɭɦɟɪɟɠɿiɦ ɨɬɪɢɦɚɧɿ ɧɚ
Matlab-ɦɨɞɟɥɿ ɚ ɧɚ ɪɢɫ 8 ɩɨɤɚɡɚɧɿ ɨɫɰɢɥɨɝɪɚɦɢ
ɨɬɪɢɦɚɧɿ ɡ ɮɿɡɢɱɧɨʀ ɦɨɞɟɥɿ ɉɨɪɿɜɧɸɸɱɢ ɰɿ
ɨɫɰɢɥɨɝɪɚɦɢ ɦɨɠɧɚ ɜɿɞɡɧɚɱɢɬɢ ɳɨ ɞɿɣɫɧɨ
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬɪɢɦɚɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ
ɤɨɦɩ¶ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɞɨɫɬɚɬɧɶɨ ɬɨɱɧɨ
ɫɩɿɜɩɚɞɚɸɬɶ ɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɬɪɢɦɚɧɢɦɢ ɡ
ɮɿɡɢɱɧɨʀɦɨɞɟɥɿɇɚɪɢɫ 8,ɚ ɜɢɞɧɨɳɨɤɭɬɤɟɪɭɜɚɧɧɹD ɞɿɣɫɧɨɫɤɥɚɞɚɽɩɪɢɛɥɢɡɧɨɟɥɟɤɬɪɢɱɧɢɯɝɪɚɞɭɫɿɜ
ɚ ɧɚ ɪɢɫ 8,b ɳɨ ɤɨɦɭɬɚɰɿɹ ɤɥɸɱɿɜ ɜɿɞɛɭɜɚɽɬɶɫɹ ɩɪɢ
ɧɭɥɶɨɜɨɦɭ ɡɧɚɱɟɧɿ ɫɬɪɭɦɭ Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ
ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɚɞɟɤɜɚɬɧɿɫɬɶ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɜ >8, 9] 






Ɋɢɫ 7 ± ɈɫɰɢɥɨɝɪɚɦɢɫɬɪɭɦɭɦɟɪɟɠɿLɦɧɚɩɪɭɝɢ
ɦɟɪɟɠɿXɦ ɬɚɧɚɩɪɭɝɢɩɟɪɟɞɤɨɦɭɬɚɬɨɪɨɦX
ɨɬɪɢɦɚɧɿ ɧɚ0DWODEɦɨɞɟɥɿ 














Ɋɢɫ 8 ± ɈɫɰɢɥɨɝɪɚɦɢɫɬɪɭɦɭɦɟɪɟɠɿLsɧɚɩɪɭɝɢɩɟɪɟɞ
ɤɨɦɭɬɚɬɨɪɨɦXɬɚɧɚɩɪɭɝɢɦɟɪɟɠɿXɦ (1 ɤɥɿɬɢɧɤɚ
ɞɨɪɿɜɧɸɽ200 ɦȺ ɬɚ20 ȼ (a, c), 10 ȼ(b)) 
 
ɇɚ ɪɢɫ. 9-10 ɩɨɤɚɡɚɧɿ ɨɫɰɢɥɨɝɪɚɦɢ ɧɚɩɪɭɝɢ ɧɚ
ɧɚɜɚɧɬɚɠɟɧɧɿ ɬɚ ɫɬɪɭɦɭ ɧɚɜɚɧɬɚɠɟɧɧɹ ɨɬɪɢɦɚɧɿ ɡ
Matlab-ɦɨɞɟɥɿ ɬɚ ɮɿɡɢɱɧɨʀ ɦɨɞɟɥɿȺɧɚɥɿɡ ɪɟɡɭɥɶɬɚɬɿɜ 





Ɋɢɫ 9 ± Ɉɫɰɢɥɨɝɪɚɦɢɧɚɩɪɭɝɢɧɚɜɚɧɬɚɠɟɧɧɹ8ɧ ɬɚ
ɫɬɪɭɦɭɧɚɜɚɧɬɚɠɟɧɧɹ,ɧ ɨɬɪɢɦɚɧɿ ɧɚ0DWODEɦɨɞɟɥɿ 




Ɋɢɫ 10± Ɉɫɰɢɥɨɝɪɚɦɢɧɚɩɪɭɝɢɧɚɜɚɧɬɚɠɟɧɧɹ8ɧ ɬɚ
ɫɬɪɭɦɭɧɚɜɚɧɬɚɠɟɧɧɹ,ɧ  
(1 ɤɥɿɬɢɧɤɚɞɨɪɿɜɧɸɽ5 ȼ ɬɚ0 ɦȺ 
əɤ ɜɿɞɨɦɨ ɜɿɞɯɢɥɟɧɧɹ ɧɚɩɪɭɝɢ ɜɦɟɪɟɠɿɦɨɠɟ
ɫɤɥɚɫɬɢ  ɉɪɢ ɰɢɯ ɜɿɞɯɢɥɟɧɧɹɯ ɩɟɪɟɬɜɨɪɸɜɚɱ
ɦɚɽɩɪɚɰɸɜɚɬɢɡɚɛɟɡɩɟɱɭɸɱɢɧɟɡɦɿɧɧɿɫɬɶɧɚɩɪɭɝɢɧɚ
ɧɚɜɚɧɬɚɠɟɧɿ. ɉɪɢ ɮɿɡɢɱɧɨɦɭ ɦɨɞɟɥɸɜɚɧɧɿ ɧɚɩɪɭɝɚ
ɠɢɜɥɟɧɧɹ ɡɦɿɧɸɜɚɥɚɫɶ ɜ ɞɿɚɩɚɡɨɧɿ  ɬɨɦɭ ɬɚɤɟ
ɫɚɦɟ ɜɿɞɯɢɥɟɧɧɹ ɩɪɢɣɦɚɥɨɫɶ ɿ ɜ ɤɨɦɩ¶ɸɬɟɪɧɨɦɭ
ɦɨɞɟɥɸɜɚɧɧɿ 
ɇɚɪɢɫ 11 ɩɨɤɚɡɚɧɿɨɫɰɢɥɨɝɪɚɦɢɫɬɪɭɦɭɦɟɪɟɠɿ
iɦɧɚɩɪɭɝɢɦɟɪɟɠɿuɦ ɬɚɧɚɩɪɭɝɢɩɟɪɟɞɤɨɦɭɬɚɬɨɪɨɦ u 
ɩɪɢɡɛɿɥɶɲɟɧɧɿɿɡɦɟɧɲɟɧɧɿɧɚɩɪɭɝɢɠɢɜɥɟɧɧɹɧɚ
ɨɬɪɢɦɚɧɿɡɚɞɨɩɨɦɨɝɨɸ0DWODEɦɨɞɟɥɿȺɧɚɥɨɝɿɱɧɨɧɚ
ɪɢɫ 12 ɩɪɢɜɟɞɟɧɿ ɨɫɰɢɥɨɝɪɚɦɢ ɫɬɪɭɦɭ ɦɟɪɟɠɿ iɦ ɬɚ
ɧɚɩɪɭɝɢ ɩɟɪɟɞ ɤɨɦɭɬɚɬɨɪɨɦ u ɡ ɮɿɡɢɱɧɨʀ ɦɨɞɟɥɿ
Ɋɟɝɭɥɹɬɨɪ ɧɚɩɪɭɝɢ ɧɚɜɚɧɬɚɠɟɧɧɹ ɛɭɥɨ ɧɚɥɚɲɬɨɜɚɧɨ
ɧɚ ɧɚɩɪɭɝɭ ɩɪɢ ɹɤɿɣ ɩɪɢ ɧɨɦɿɧɚɥɶɧɨɦɭ ɡɧɚɱɟɧɧɿ
ɧɚɩɪɭɝɢɠɢɜɥɟɧɧɹɜɿɞɛɭɜɚɽɬɶɫɹɦ¶ɹɤɚɤɨɦɭɬɚɰɿɹ  
Ɂɪɢɫ 11-ɜɢɞɧɨɳɨɩɪɢ ɜɿɞɯɢɥɟɧɧɿɧɚɩɪɭɝɢ
ɦɟɪɟɠɿ ɩɨɪɭɲɭɽɬɶɫɹ ɧɚɥɚɲɬɭɜɚɧɧɹ ɧɚ ɪɟɠɢɦ
ɤɨɦɭɬɚɰɿʀ ɜ ɧɭɥɹɯ ɫɬɪɭɦɭ. ɐɟ ɡɛɿɥɶɲɭɽ ɞɢɧɚɦɿɱɧɿ
ɜɬɪɚɬɢɩɪɨɬɟɡɚɜɞɹɤɢɥɢɲɟɨɞɧɿɣɤɨɦɭɬɚɰɿʀɡɚɩɟɪɿɨɞ





Ɋɢɫ. 11 ± ɈɫɰɢɥɨɝɪɚɦɢɫɬɪɭɦɭɦɟɪɟɠɿLɦɧɚɩɪɭɝɢ
ɦɟɪɟɠɿXɦ ɬɚɧɚɩɪɭɝɢɩɟɪɟɞɤɨɦɭɬɚɬɨɪɨɦXɩɪɢ
ɡɛɿɥɶɲɟɧɧɿ (a) ɬɚɡɦɟɧɲɟɧɧɿb) ɧɚɩɪɭɝɢɠɢɜɥɟɧɧɹɧɚ
ɨɬɪɢɦɚɧɿ ɧɚ0DWODEɦɨɞɟɥɿ 
(1 ɤɥɿɬɢɧɤɚɞɨɪɿɜɧɸɽ20 ȼɬɚ00 ɦȺ ɞɥɹ(a)ɿ ȼ ɬɚ













Ɋɢɫ 12 ± ɈɫɰɢɥɨɝɪɚɦɢɫɬɪɭɦɭɦɟɪɟɠɿLɦ ɬɚɧɚɩɪɭɝɢ
ɩɟɪɟɞɤɨɦɭɬɚɬɨɪɨɦX ɩɪɢɡɛɿɥɶɲɟɧɧɿaɬɚ
ɡɦɟɧɲɟɧɧɿbɧɚɩɪɭɝɢɠɢɜɥɟɧɧɹɧɚ 
(1 ɤɥɿɬɢɧɤɚɞɨɪɿɜɧɸɽ ȼɬɚ ɦȺ ) 
 
ȼɩɥɢɜ ɜɿɞɯɢɥɟɧɧɹ ɧɚɩɪɭɝɢ ɜ ɦɟɪɟɠɿ ɧɚ ɫɬɪɭɦ
ɧɚɜɚɧɬɚɠɟɧɧɹɡɦɨɞɟɥɶɨɜɚɧɢɣɧɚɤɨɦɩ¶ɸɬɟɪɧɿɣɦɨɞɟɥɿ






Ɋɢɫ 13 ± Ɉɫɰɢɥɨɝɪɚɦɢɧɚɩɪɭɝɢɧɚɜɚɧɬɚɠɟɧɧɹ8ɧ ɬɚ
ɫɬɪɭɦɭɧɚɜɚɧɬɚɠɟɧɧɹ,ɧ ɩɪɢɡɛɿɥɶɲɟɧɧɿaɬɚ
ɡɦɟɧɲɟɧɧɿb) ɧɚɩɪɭɝɢɠɢɜɥɟɧɧɹɧɚɨɬɪɢɦɚɧɿ ɧɚ




Ɋɢɫ 14 ± Ɉɫɰɢɥɨɝɪɚɦɢɧɚɩɪɭɝɢɧɚɜɚɧɬɚɠɟɧɧɹ8ɧ ɬɚ
ɫɬɪɭɦɭɧɚɜɚɧɬɚɠɟɧɧɹ,ɧ ɩɪɢɡɛɿɥɶɲɟɧɧɿaɬɚ
ɡɦɟɧɲɟɧɧɿbɧɚɩɪɭɝɢɠɢɜɥɟɧɧɹɧɚ% 
(1 ɤɥɿɬɢɧɤɚɞɨɪɿɜɧɸɽ5 ȼɬɚ ɦȺ 
 
Ⱥɧɚɥɿɡ ɨɫɰɢɥɨɝɪɚɦ ɤɨɦɩ¶ɸɬɟɪɧɨɝɨ ɬɚ
ɮɿɡɢɱɧɨɝɨɦɨɞɟɥɸɜɚɧɧɹɪɢɫ 8-15 ɫɜɿɞɱɢɬɶɩɪɨ ɬɟɳɨ
ɮɚɡɨɜɢɣ ɫɩɨɫɿɛ ɤɟɪɭɜɚɧɧɹ ɪɟɡɨɧɚɧɫɧɢɦ ɨɞɧɨɮɚɡɧɢɦ
ɩɟɪɟɬɜɨɪɸɜɚɱɟɦ ɞɨɡɜɨɥɹɽ ɩɿɞɬɪɢɦɭɜɚɬɢ ɧɟɡɦɿɧɧɨɸ
ɧɚɩɪɭɝɭɧɚɜɚɧɬɚɠɟɧɧɹɩɪɢɞɿɚɩɚɡɨɧɿ ɡɛɭɪɟɧɶ ɧɚɩɪɭɝɢ

















1. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɮɚɡɨɜɢɣ ɫɩɨɫɿɛ ɤɟɪɭɜɚɧɧɹ
ɨɛɨɪɨɬɧɢɦɢɪɟɡɨɧɚɧɫɧɢɦɢɩɟɪɟɬɜɨɪɸɜɚɱɚɦɢɡɦ
ɹɤɨɸ
ɤɨɦɭɬɚɰɿɽɸ ɧɚ ɨɫɧɨɜɧɿɣ ɱɚɫɬɨɬɿ 50 Ƚɰ ɹɤɢɣ
ɡɚɫɧɨɜɚɧɢɣɧɚɫɢɦɟɬɪɢɱɧɨɦɭɪɨɡɫɬɪɨɽɧɢɣ ɪɟɡɨɧɚɧɫɭɡ
ɜɜɟɞɟɧɧɹɦ ɪɟɝɭɥɶɨɜɚɧɨɝɨ ɮɚɡɨɜɨɝɨ ɡɫɭɜɭ ɦɿɠ
ɧɚɩɪɭɝɚɦɢ ɧɚ ɜɯɨɞɿ ɫɢɥɨɜɨɝɨ ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɨɝɨ
ɤɨɦɭɬɚɬɨɪɚɿɦɟɪɟɠɿɠɢɜɥɟɧɧɹɡɦɿɧɧɨɝɨɫɬɪɭɦɭ 
2. Ɉɞɧɨɮɚɡɧɢɣ ɪɟɡɨɧɚɧɫɧɢɣ ɩɟɪɟɬɜɨɪɸɜɚɱ ɡ
ɮɚɡɨɜɢɦ ɫɩɨɫɨɛɨɦ ɤɟɪɭɜɚɧɧɹ ɞɨɡɜɨɥɹɽ ɨɬɪɢɦɚɬɢ
ɦ¶ɹɤɭɤɨɦɭɬɚɰɿɸɤɥɸɱɿɜɤɨɦɭɬɚɬɨɪɚɩɪɢɧɨɦɿɧɚɥɶɧɿɣ
ɧɚɩɪɭɡɿ ɦɟɪɟɠɿ ɠɢɜɥɟɧɧɹ ɩɪɨɬɟ ɩɪɢ ɜɿɞɯɢɥɟɧɧɿ
ɧɚɩɪɭɝɢɜɦɟɪɟɠɿɦ¶ɹɤɚɤɨɦɭɬɚɰɿɹɜɬɪɚɱɚɽɬɶɫɹ 
3. Ɏɚɡɨɜɢɣ ɫɩɨɫɿɛ ɤɟɪɭɜɚɧɧɹ ɨɞɧɨɮɚɡɧɢɦ
ɪɟɡɨɧɚɧɫɧɢɦ ɩɟɪɟɬɜɨɪɸɜɚɱɟɦ ɞɨɡɜɨɥɹɽ ɩɿɞɬɪɢɦɭɜɚɬɢ
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